FUEL INJECTION VALVE 
BACKGROUND OF THE INVENTION 

This invention relates to improvements in a sliding member 
which is lubricated with fuel, for an automotive vehicle, and more 
5 particularly to the improvements in a fuel injection valve for an 
automotive vehicle, including a needle valve whose sliding section (in 
slidable contact with an opposite member) is coated with a particular 
hard carbon thin film so as to be high in durability reliability and realize 
a low friction coefficient. 

10 Recently, requirements for improving fuel economy and exhaust 

gas emission control to automotive vehicles have become further 
stringent, and therefore sliding conditions at sliding sections which are 
lubricated with fuels become further severe in order to suppress friction 
at such sliding sections. It has been proposed as a measure to suppress 

15 the friction at the sliding sections, that a hard thin film of chromium 
nitride, titanium nitride or the like is formed at the sliding section of the 
fuel injection valve as disclosed in Japanese Patent Provisional 
Publication No. 7-63135, the entire disclosure of which is hereby 
incorporated by reference. 

20 The largest merits of forming such a hard thin film resides in a 

point where a remarkably high surface hardness is obtained as compared 
with a surface treatment such as plating and a surface-hardening 
treatment such as a heat treatment. By applying such a hard thin film 
onto the sliding section, it is expected that a wear resistance can be 

25 greatly improved. Additionally, under lubrication, such a hard thin film 
can suppress the degradation of the surface roughness due to wear, and 
therefore it prevents an opposite member from wearing due to the 
degraded surface roughness and prevents a frictional force from 
increasing due to an increase in direct contact (metal contact) with the 

30 opposite member, thereby making it possible to maintain a lubricating 
condition at an initial state for a long time. Furthermore, since the hard 
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thin film itself is hard, it can be possible to make the opposite member 
adaptable to the hard thin film, and accordingly it can be expected to 
provide a function to obtain a smoothened surface roughness. As a result, 
it can be expected that the surface roughness of the both the hard thin 
5 film and the opposite member are improved in the lubricating condition. 

Now, it has been known that an amorphous carbon film such as a 
diamond-like carbon (DLC) film which is a kind of hard thin films is high 
in hardness itself and has a characteristic serving as a solid lubricant 
itself, so that it exhibits a remarkably low friction coefficient under no 
10 lubrication. 

As microscopically viewed in lubricating oil, the sliding section is 
divided into a section where the hard thin film slidably contacts with the 
opposite member through an oil film, and another section where 
projections due to the surface roughness (shape) of both the hard thin 

15 film and the opposite member directly contact with the facing member 
making a metal contact. At the latter section where the metal contact is 
made, an effect of lowering the frictional force generated there can be 
expected similarly in case of no lubrication, by applying a DLC film at 
the section. In this regard, it has been investigated to apply the DLC film 

20 as a technique for lowering friction in an internal combustion engine. 

However, a hard thin film formed by a PVD process or a CVD 
process is high in internal stress as compared with a surface treatment 
such as plating and remarkably high in hardness. Accordingly, if the 
hard thin film is applied to the sliding section of machine parts, the hard 

25 thin film tends to peel off from a base material or to form its crack. 
Concerning such peeling-off of the hard thin film, it has been proposed to 
soften the internal stress so as to make an improvement by providing a 
suitable intermediate layer taking account of adhesiveness between the 
hard thin film and the base material or by applying a multiple layer 

30 structure of the hard thin film. 

In connection with formation of cracks in the hard thin film itself 
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and peeling-off of the hard thin film due to the cracks, there have hardly 
been conventional techniques which improve the hard thin film to 
prevent them by regulating the surface roughness and shape of the hard 
thin film (particularly, a hard carbon thin film) and them of the opposite 
5 member. Only measures which have been hitherto proposed are to form a 
hard carbon thin film consisting of C, H, Si and inevitable impurities is 
formed at the surface of the sliding section, regulating the thickness and 
hardness of the hard carbon thin film as disclosed in Japanese Patent 
Provisional Publication No. 2002-332571. 

10 SUMMARY OF THE INVENTION 

However, as discussed above, although some studies have been 
made on sliding of the hard carbon thin film consisting of C, H, Si and 
inevitable impurities, it has not been found to study sliding upon making 
total judgments on the components, thickness, hardness and surface 

15 roughness of the hard carbon thin film, and fuels to be used for fuel 
injection valves. Particularly, the above hard carbon thin film strongly 
tends to be brittle as compared with a film of titanium nitride (TiN) or 
chromium nitrate (CrN), and therefore not only a film formation control 
in accordance with the property of the film is required but also 

20 influences by additives or the like contained in fuel to be used for the 
fuel injection valve cannot be disregarded. Thus, in the present status, 
the relationship among the above various matters has not still become 
apparent. 

It is an object of the present invention is to provide an improved 
25 fuel injection valve which can effectively overcome drawbacks 
encountered in conventional fuel injection valves. 

Another object of the present invention is to provide an improved 
fuel injection valve which can ensure its durability reliability, realize a 
low friction coefficient and is improved in a seizure resistance while 
30 being improved in its response characteristics under the realized low 
friction coefficient. 
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A further object of the present invention is to provide an improved 
fuel injection valve whose sliding section is coated with a hard carbon 
thin film, in which the hard carbon thin film can be effectively prevented 
from forming crack, peeling-off and the like which occur when the hard 
5 carbon thin film which is generally seemed to be low in ductility is 
applied to the sliding section because it is extremely high in hardness as 
compared with a film formed by a surface treatment such as plating or 
the like. 

According to the present invention, a fuel injection valve 
10 comprises a needle valve including a base material. An opposite member 
is provided including a base material whose sliding section is in slidable 
contact with a sliding section of the base material of the needle valve in 
presence of fuel for an automotive vehicle. Additionally, a hard carbon 
thin film is coated on at least one of the sliding sections of the base 
15 materials of the needle valve and the opposite member. The hard carbon 
thin film has a surface hardness ranging from 1500 to 4500 kg/mm 2 in 
Knoop hardness, a film thickness ranging from 0.3 to 2.0 jam, and a 
surface roughness (Ry) (jam) which satisfies a relationship represented 
by the following formula (A): 
20 Ry < (0.75 - Hk/8000) x h + 0.0875 ... (A) 

where h is the thickness (^im) of the hard carbon thin film; Hk is 
the surface hardness in Knoop hardness (kg/mm 2 ) of the hard carbon 
thin film. 

DETAILED DESCRIPTION OF THE INVENTION 

25 A fuel injection valve according to the present invention 

comprises a needle valve which is a sliding member used in presence of 
fuel for an automotive vehicle. The needle valve includes a base material 
or main body section made of iron-based material or steel, or 
aluminum-based material. The base material of the needle valve has a 

30 sliding section or surface which is in slidable contact with a sliding 
section or surface of an opposite member. 
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In such a fuel injection valve, the opposite member is a guide (for 
the needle valve) or a housing constituting the fuel injection valve, so 
that the hard carbon thin film is formed on the base material so as to be 
slidably contactable with the opposite member. It will be understood that 
5 a base material or main body section of the opposite member may be 

coated with the hard carbon thin film in place of the base material of the 
needle valve, which will provide the same effects as those in case of the 
needle valve being coated with the hard carbon thin film. 

The base material made of the iron-based material or the like 

10 preferably has a surface roughness (center line average roughness) Ra of 
not larger than 0.03 ^im though the surface roughness may be affected by 
kinds and properties of the sliding member and the automotive fuel, in a 
state where it has not still been coated with the hard carbon thin film of 
a certain material. If the surface roughness exceeds 0.03 jam, projecting 

15 portions due to the surface roughness of the hard carbon thin film causes 
a local Hertz's contact pressure to the opposite member to increase, 
thereby resulting in induction of formation of crack in the hard carbon 
thin film. The mechanism of this phenomena will be discussed in detail 
after. 

20 The needle valve of the fuel injection valve according to the 

present invention is operated in presence of fuel which serves also as a 
lubricating oil. The fuel contains at least one of ester-based additive and 
amine-based additive, more specifically, at least one of octane booster, 
cetane booster, antioxidant, metal deactivator, detergent-dispersant, 

25 deicing agent and corrosion inhibitor. It is to be noted that lowering in 
friction coefficient and improvement in wear resistance can be effectively 
achieved in the needle valve or the opposite member in presence of such 
additive(s). 

Examples of such additives are fatty acid ester and fatty acid 
30 amine compound which have a straight or branched hydrocarbon chain 
(or group) having a carbon number ranging from 6 to 30, preferably a 
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carbon number ranging from 8 to 24. The additives can be used singly or 
in suitable combination (or as a mixture). If the carbon number is not 
within the range of from 6 to 30, the friction coefficient lowering effect 
cannot be sufficiently obtained. Examples of fatty acid ester are esters 
5 which are formed from fatty acid having the straight or branched 

hydrocarbon chain having the carbon number ranging from 6 to 30 and 
aliphatic monohydric alcohol or aliphatic polyhydric alcohol. Specific 
examples of the fatty acid ester compound are glycerol monooleate, 
glycerol dioleate, sorbitan monooleate, sorbitan dioleate, and the like. 

10 Examples of fatty acid amine compound are aliphatic monoamine or 
alkylene oxide adducts thereof, aliphatic polyamines, imidazoline 
compound and the like, and derivatives thereof. Specific examples of the 
fatty acid amine compound are laurylamine, lauryldiethylamine, 
stearylamine, oleylpropylenediamine, and the like. 

15 Next, the hard carbon thin film coated on the sliding section of 

the sliding member will be discussed in detail. 

The hard carbon thin film used for the fuel injection valve is 
mainly formed of carbon and is typically a film formed of only carbon 
except for inevitable impurities. The hard carbon thin film is preferably 

20 a DLC (diamond-like carbon) thin film which is formed by a variety of 
PVD processes, more specifically by an arc ion plating process. 

The hard carbon thin film has a surface hardness (Knoop 
hardness) ranging from 1500 to 4500 kg/mm 2 , a film thickness ranging 
from 0.3 to 2.0 \im, and a surface roughness (the maximum height- nm) 

25 Ry represented by the following formula (A): 

Ry < (0.75 - Hk/8000) x h + 0.0875 ... (A) 

where h is the thickness (jam) of the hard carbon thin film; Hk is 
the Knoop hardness (kg/mm 2 ) of the hard carbon thin film. 

The above formula (A) has been established on the basis of results 
30 of analysis made on the experiments in which hard carbon thin films by 
PVD processes such as the arc ion plating process are formed or coated at 
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the sliding sections of a variety of sliding members, and then the hard 
carbon thin films were slidingly moved to opposite members. Particularly, 
the above formula (A) is determined particularly by taking account of 
relationships among the hardness, surface roughness and thickness of 
5 the hard carbon thin films, the shape of the base materials, and the 
surface roughness and shape of the opposite members particularly in 
connection with the facts that flaws are formed at the hard carbon thin 
films and peeling-off of the hard carbon film occurred owing to the flaws 
during sliding movement of the hard carbon thin film. 

10 Specifically, in all cases that the flaws are formed at the hard 

carbon thin films upon the sliding movements of the hard carbon thin 
films, the hard carbon thin films make their cracks so as to 
microscopically peeled off (forming peeled pieces of the hard carbon thin 
film) thereby forming the flaws, in which the thus produced peeled piece 

15 is dragged so that the flaws were developed further into larger flaws. In 
this regard, the present inventors have found that factors or causes for 
producing the flaws are loads to the hard carbon thin films in the all 
cases, upon which further studies have been made by the present 
inventors, thus deriving the relationship of the above formula (A). 

20 In contrast, in case that consideration is made only on a Hertz's 

contact pressure supposed from a line contact between a flat sliding 
member and an opposite member having a simple curvature as in a 
conventional technique, it is supposed that such crack does not occur if 
the film thickness of a hard carbon thin film is relatively thick over a 

25 certain level, and therefore the relationship of the above formula (A) is 
disregarded. 

Here, one of causes for making the load to the hard carbon thin 
film excessive is known to be deposit formed in the hard carbon thin film. 
This deposit formation is a peculiar phenomena made in a film formed by 
30 PVD process such as the arc ion plating process. During formation of the 
hard carbon thin film, particles coming flying from a target as a raw 



-8- 



material of the hard carbon thin film are not in a state of single ion or 
atom and therefore are in a state of cluster or in a molten state. Thus, 
the particles in the cluster state or the molten state come flying to the 
surface of the base material, in which the particles remain as they are in 
the hard carbon thin film. Additionally, the hard carbon thin film grows 
around the particles in such a manner as to be piled up, so that the 
particles are distributed as hard granular projections in the hard carbon 
thin film. 

Such deposits or granular projections tend to readily fall off 
during sliding movement of the hard carbon thin film. Accordingly, when 
the deposits or granular projections are caught up in a contacting section 
between the hard carbon thin film and the opposite member, a pressing 
force from the opposite member is transmitted through the deposits or 
granular projections to the hard carbon thin film, in which a local 
pressure at this site is much higher than a Hertz's contact pressure 
which is calculated based on macro curvature of the opposite member 
taking account of elastic deformation, and therefore the local pressure 
can become a cause for inducing formation of crack in the hard carbon 
thin film. Further, a shearing force due to sliding contact of the hard 
carbon thin film to the opposite member is added to the above local 
pressure, so that flaws develop linearly toward the outer periphery of the 
hard carbon thin film. This will cause a macro peeling of the hard carbon 
thin film itself. 

Another cause for making the load to the hard carbon thin film 
excessive is the fact that the opposite member is high in surface 
roughness. This cause is classified into a first case where projections due 
to this high surface roughness increases a local Hertz's contact pressure 
and a second case where a line contact between the sliding member and 
the opposite member becomes a point contact when the flatness of the 
sliding member and the opposite member is insufficient. Particularly in 
the second case, crack of the hard carbon thin film may be largely 
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promoted under a combination effect with the above-mentioned deposits, 

Besides, in connection with the establishment of the above 
formula (A), it has become apparent by the analysis that the thickness 
and hardness of the hard carbon thin film may become factors or causes 
for formation of crack. More specifically, concerning the thickness, as the 
thickness of the hard carbon thin film increases, the deformation amount 
of the hard carbon thin film decreases in case that a particle is pressed at 
a certain load against the hard carbon thin film, thereby increasing a 
resistance against the formation of crack relative to the load applied to 
the hard carbon thin film. As a result, in order to realize a good 
lubricating condition, a certain film thickness of the hard carbon thin 
film is required in accordance with the load of sliding conditions of the 
sliding member. Concerning the harness, in general, a hardness and a 
ductility of a film are in a contradictory relationship, so that it is known 
that the ductility lowers as the hardness of the film increases. More 
specifically, the fact that the hardness of the film is low to a certain 
degree increases a resistance of the film against formation of crack. It 
will be understood that this has been also taken into consideration in 
order to establish the above formula (A). 

Hereafter, restriction conditions for the above formula (A) will be 
discussed in detail. 

First, a restriction condition that the film thickness of the hard 
carbon thin film is not smaller than 0.3 jum is set because crack is 
unavoidably formed if the film thickness is smaller than 0.3 jam upon 
taking account of the input force from the corresponding opposite 
member. Another restricted condition that the film thickness is not 
larger than 2.0 jam is set because a large residual stress is generated at 
the step of formation of the hard carbon thin film if the film thickness 
exceeds 2.0 jam, which leads to a problem of the base material itself 
warping. Warping of the hard carbon thin film serves to promote the 
point contact of the hard carbon thin film to the opposite member, and 
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therefore the film thickness exceeding 2.0 |im becomes a factor or cause 
for indirectly promoting formation of crack of the hard carbon thin film 
upon an insufficient contact between the sliding member and the 
opposite member. 

The surface roughness of the hard carbon thin film is derived 
from the relationship between the hardness and thickness of the hard 
carbon thin film, as set forth below. 

An indentation depth h' (provided by particle of the deposit or by 
projections due to the roughness of the sliding surface) allowable for the 
hard carbon thin film having the Knoop hardness Hk is experimentally 
represented by the following equation (l)* 

h'/h = 0.6-Hk/ 10000 ... (l) 

where h is the thickness of the hard carbon thin film. 

Concerning the surface roughness Ry of the hard carbon thin film, 
it has been found that a relationship represented by the following 
equation (2) is established as a result of study on a variety of films' 

a = 0.8Ry - 0.07 ... (2) 

where a is the height of the deposit remaining in the film. 

In case that flaw, crack due to the flaw, or peeling of the film is 
caused by the deposit present in the hard carbon thin film, it can be 
prevented from occurrence by controlling the surface roughness of the 
hard carbon thin film, and therefore it is sufficient that a < h' is satisfied 
under the fact that the deposit serves as the indentation depth as it is. 

Thus, from the above relationship, the above formula (A: Ry < 
(0.75 - Hk/8000) x h + 0.0875 ) is derived. 

Additionally, it is preferable that the amount of hydrogen 
contained as an impurity in the hard carbon thin film is not more than 
0.5 atomic %. More specifically, hydrogen is an element which is 
unavoidably contained or mixed in the hard carbon thin film for the 
reason why CH (hydrocarbons) based gas is used as a carbon supply 
source when the hard carbon thin film is formed, for example, by the 
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CVD process. If the content of hydrogen exceeds 0.5 atomic %, the 
hardness of the hard carbon thin film is lowered thereby degrading the 
surface roughness of the hard carbon thin film, thus providing a 
tendency of occurring deterioration of friction. 
5 Next, an appropriate range of the base material to be coated with 

the hard carbon thin film will be discussed. 

Steel such as stainless steel or aluminum-based alloy for 
weight-lightening is used as the base material to be coated with the hard 
carbon thin film. The surface roughness of the base material before being 

10 coated with the hard carbon thin film influences a surface roughness of 
the hard carbon thin film after being formed on the base material 
because the film thickness of the hard carbon thin film is very small. As 
a result, in case that the surface roughness of the base material is high, 
projections due to the roughness of the surface of the hard carbon thin 

15 film increases a local Hertz's contact pressure, thereby providing a cause 
for inducing formation of crack in the hard carbon thin film. 

The above-mentioned surface roughness Ra (center line average 
roughness) represents a value which is obtained by averaging the total of 
the absolute values of deviations of measured lines from the average line 

20 of a roughness curve. The maximum height Ry (R max ) represents the sum 
of the height of the highest peak and the depth of the deepest trough. 
The surface roughness Ra and the maximum height Ry are discussed 
respectively as R a 75 and R 2 in JIS (Japanese Industrial Standard) B 0601 
02001). In Examples and Comparative Examples discussed hereafter, 

25 measurement of the surface roughness was made by using a surface 

roughness tester under conditions where a measuring length was 48 mm, 
a measuring speed was 0.5 mm/sec, and a measuring pitch was 0.5 ^m. 

EXAMPLES 

The present invention will be more readily understood with 
30 reference to the following Examples in comparison with Comparative 
Examples; however, these Examples are intended to illustrate the 



-12- 



invention and are not to be construed to limit the scope of the invention. 

EXAMPLE 1 

A column-like test piece as a base material having a diameter of 
18 mm and a length of 22 mm was cut out from a raw material of 
stainless steel. The surface of this test piece was finished to have a 
surface roughness Ra of 0.03 |um. Thereafter, a DLC thin film (hard film) 
was formed at the finished surface of the test piece by an arc ion plating 
process (PVD), thus producing a specimen of this Example. The formed 
DLC thin film had a Knoop hardness Hk of 2250 kg/mm 2 , a maximum 
height Ry of 0.04 jam, and a thickness h of 0.5 fim, and further had a 
value (of the right side of the formula (A)) of 0.32. 

COMPARATIVE EXAMPLE 1 
A column-like test piece which was the same as that in Example 1 
was used as a base material. This column-like test piece was used as a 
specimen of this Comparative Example as it is, without the DLC thin 
film being formed at the finished surface of the test piece. 

COMPARATIVE EXAMPLE 2 
A column-like test piece which was the same as that in Example 1 
was used as a base material. Thereafter, a TiN film was formed at the 
finished surface of the test piece, thus producing a specimen of this 
Comparative Example. 

COMPARATIVE EXAMPLE 3 
A column-like test piece which was the same as that in Example 1 
was used as a base material. Thereafter, a Cr 2 N film was formed at the 
finished surface of the test piece, thus producing a specimen of this 
Comparative Example. 

COMPARATIVE EXAMPLE 4 
A column-like test piece which was the same as that in Example 1 
was used as a base material. The surface of this test piece was finished to 
have a surface roughness Ra of 0.1 jam. Thereafter, a DLC thin film as 
same as that in Example 1 was formed at the finished surface of the test 
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piece by an arc ion plating process (PVD), thus producing a specimen of 
this Example. 
EVALUATION TEST 1 

Each of the specimens of Example and Comparative Examples 
5 was subjected to a frictional wear test under test conditions set forth 
below to measure a friction coefficient and a seizure load at which the 
specimen occurs its seizure to an opposite member with which the 
specimen was in sliding contact. Results of this test were tabulated in 
Table 1. 
10 Test Conditions 

(a) The opposite member* a disc member (test piece) formed of 
chromium molybdenum steel and having a diameter of 24 mm and a 
thickness of 7 mm; 

(b) A test system: SRV Test System (Machine No. 39903163) 
15 produced by Optimol Instruments Prtiftechnik GmbH, in which the 

specimen made its reciprocating motion upon sliding contact with the 
disc member (the opposite member); 

(c) A frequency of the reciprocating motion^ 50 Hz 

(d) A load applying manner' a load applied to the specimen was 
20 increased at a rate of 130 N/min.; 

(e) A sliding width- 1 mm; and 

(f) A test oil- Regular gasoline (in Japan) which was present 
between the specimen and the disc member. 

EVALUATION TEST 2 

25 Needle valves of fuel injection valves for a gasoline-fueled 

internal combustion engines were produced respectively corresponding 
to the specimens of the above Example and Comparative Examples. Each 
needle valve was produced by coating a base material with a hard film as 
same as that of the Example or Comparative Example except for the 

30 needle valve corresponding to Comparative Example 1. Each needle 

valve was assembled in a fuel injection valve. Then, a delay in a response 
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time of the fuel injection valve was measured thereby evaluating a 
response characteristics of the fuel injection valve. Results of the 
evaluation test 2 were tabulated also in Table 1. The results of the 
response characteristics are shown as relative values to a standard value 
(1.00) which is a delay in the response time in the needle valve 
corresponding to Comparative Example 1. 



Table 1 



Item 


Surface 
roughness 
Ra (jam) of 
base 

material 


Hard film 


Test results of 
frictional wear test 


Evaluation of 

response 
characteristics 


Frictional 
coefficient 


Seizure 
load (N) 


Example 1 


0.03 


DLC 


0.10 


1040 


0.80 


Comparative 
Example 1 


Nil 


0.18 


650 


1.00 


Comparative 
Example 2 


TiN 


0.17 


710 


0.96 


Comparative 
Example 3 


Cr 2 N 


0.14 


800 


0.92 


Comparative 
Example 4 


0.1 


DLC 


Hard film peeled off 
during test (no 
measurement was 
possible) 





As apparent from the test results in Table 1, Example 1 (and the 
corresponding needle valve of the fuel injection valve) in which the base 
material was coated with the DLC thin film as the hard carbon thin film 
exhibits a low friction coefficient, a high seizure load and a high response 
characteristics as compared with Comparative Examples 1 to 3 in which 
the base material was coated with no hard film, or coated with the TiN 
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film or Cr2N film. Additionally, even in case that the base material was 
coated with the same DLC thin film, the thin film was unavoidably 
peeled off during the test in the event that the surface roughness of the 
base material before being coated with the thin film had been rougher 
5 than that in Example 1, as seen from Comparative Example 4. 

As appreciated from the above, according to the present invention, 
the hard carbon thin film, particularly DLC thin film, is suitably 
controlled in its surface roughness or shape in accordance with the 
surface hardness and the film thickness. Therefore, the hard carbon thin 

10 film can be effectively prevented from cracking, peeling-off and the like 
which tend to occur when the hard carbon thin film is applied to a sliding 
section of a fuel injection valve of an automotive vehicle. As a result, the 
fuel injection valve can ensure its durability reliability, realize a low 
friction coefficient and be improved in a seizure resistance while being 

15 improved in its response characteristics under the realized low friction 
coefficient. 

In the fuel injection valve according to the present invention, a 
force input condition of load allowable by the hard carbon thin film is 
determined in accordance with the thickness and hardness of the hard 

20 carbon thin film, particularly of the DLC thin film. Accordingly, by 
suitably regulating factors such as the surface roughness, shape and the 
like of the hard carbon thin film relative to sliding conditions at the 
given film and the section to which the film is applied, the force input 
condition is limited within a certain range, so that the film can be 

25 previously prevented from occurrence of crack and peeling-off at the 
section to which the film is applied, while maintaining its function as a 
film for a long time. 

The entire contents of Japanese Patent Application P2003- 110398 
(filed April 15, 2003) are incorporated herein by reference. 

30 Although the invention has been described above by reference to 

certain embodiments and examples of the invention, the invention is not 
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limited to the embodiments and examples described above. Modifications 
and variations of the embodiments and examples described above will 
occur to those skilled in the art, in light of the above teachings. The 
scope of the invention is defined with reference to the following claims. 



